Abstract
The surface detector array of the Pierre Auger Observatory consists of 1600 water-Cherenkov detectors, for the study of extensive air showers (EAS) generated by ultra-high-energy cosmic rays. We describe the trigger hierarchy, from the identification of candidate showers at the level of a single detector, amongst a large background (mainly random single cosmic ray muons), up to the selection of real events and the rejection of random coincidences. Such trigger makes the surface detector array fully efficient for the detection of EAS with energy above 3 × 10 18 eV, for all zenith angles between 0
• and 60
• , independently of the position of the impact point and of the mass of the primary particle. In these range of energies and angles, the exposure of the surface array can be determined purely on the basis of the geometrical acceptance.
Introduction 1
The main objective of the Pierre Auger Collaboration is to measure the The Pierre Auger Observatory, located near Malargüe, Argentina, at 1400 showers and thus traces their longitudinal development [2] . Showers detected 15 by both detectors are called hybrid events and they are characterised more 16 accurately with respect to direction and energy than using either technique 17 alone. However, the livetime of the FD is limited to ≈ 13%, as it only op-18 erates on clear, moonless nights [2] . The bulk of data is provided by the SD 19 with its nearly 100% livetime. The study of the trigger and the determina-20 tion of the aperture of the SD is thus essential for the physics aims of the 21 Pierre Auger Observatory.
22
The SD data acquisition (DAQ) trigger must fulfill both physical and 
38
The ultimate discrimination of EAS from chance events due to combina-39 torial coincidences among the surface detectors is performed off-line through 40 a selection of physics events, and of detectors participating in each of them.
41
The event selection procedure is hierarchical too, it is described in section 4.
42
In section 5.1, we show that the trigger and event selection hierarchy 43 makes the array fully efficient for the detection of showers above 3 × 10 18 eV.
44
We restrict ourselves to this energy range for the calculation of the exposure shower, is quantified by applying the constant integral intensity cut method 91 [7] , justified by the approximately isotropic flux of primary cosmic rays. An 92 energy estimator for each event, independent of θ, is S 38 , the S(1000) that 93 EAS would have produced had they arrived at the median zenith angle, 38
• .
94
The energy corresponding to each S 38 is then obtained through a calibration shower, the time for the signal from a water-Cherenkov detector to rise from 120 10 to 50% is about 300 ns. The second mode is designated the "Time-over-
121
Threshold" trigger (ToT) and at least 13 bins (i.e. >325 ns) in 120 FADC For detectors with only two (one) operating PMTs, the algorithm is applied to two (one) PMTs.
3 For detectors with only two (one) operating PMTs the threshold is set to 3.8 (4.5)
passing the T2 are sent to the CDAS, as well as those from detectors passing the T1 but not the T2, provided that they are within 30 µs of the T3.
156
The trigger of the array is realised in two modes. The first T3 mode 
Efficiency of the single detector trigger 184
The single detector trigger probability as a function of the signal, P(S), The T1 efficiency versus signal in the detector, P(S), is determined by 
Physics trigger

234
The physics trigger, T4, is needed to select real showers from the set of The number of chance coincidence passing the 3 ToT condition over the full 240 array is less than one per day, thanks to the very low rate of the T2-ToT.
241
Due to their compactness, events with zenith angles below 60
• are selected 242 with high efficiency, i. e. more than 98%.
243
The second T4 criterion, so called 4C1, requires 4 nearby stations, with 244 no condition on the kind of T2. In this case also, it is required that the Besides disentangling accidental events, there is also the need to identify, 
283
The fiducial trigger should be applied a priori on the events, to be inde- event per second per hexagon, the probability P that the 404 time interval T between two consecutive T5 events be larger than T is given Hz. This 
444
Above 3 × 10 18 eV, the calculation of the exposure is purely geometrical,
445
being the integration of the geometrical aperture over the observation time.
446
Both of them are known with high precision, so that the overall uncertainty We are very grateful to the following agencies and organizations for finan- 
